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英文缩略语对照表 
abbreviation full name 
ATM ataxia telangiectasia mutated 
ATR ATM and Rad3 related 
ATRIP ATR-interacting protein 
BaP Benzo[a]pyrene 
Brca1 Breast cancer susceptibility gene 1 
Chk1 Checkpoint kinase 1 
Chk2 Checkpoint kinase 2 
DMEM dulbecco’s modified Eagle’s medium 
DMSO dimethyl sulfoxide 
DNA deoxyribonucleic acid 
DSB Double Strand Breakage 
ECL enhanced chemiluminescence 
EDTA rthylene diaminetetraacetic acid 
EH epoxide hydrolase 
FBS fetal bovine serum 
FCM flow cytometry 
GST glutathione S-transferase 
HU hydroxyurea 
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PBS phosphate-buffer saline 
PI propidium iodide 
PI3-K phosphotidyl inositol 3-kinase 
PAH poly cyclic aromatic hydrocarbon 
P450 cytochrome450 
RDS radioresistant DNA synthesis 
SDS sodium dodecyl sulfate 




















BaP 在体内的代谢途径早已研究得很清楚。BaP 在体内 P-450 酶系的作用







括 DNA 损伤检控点（DNA damage checkpoint）、DNA 复制检控点（DNA 
replication checkpoint）和纺锤体组装检控点（spindle assembly checkpoint）。DNA
损伤检控点能够检测受损或者结构异常的 DNA，并启动检控点信号传导途径。
DNA 损伤检控点信号传导路径的激活可引发一系列下游生物学事件，如细胞周
期阻滞和对受损 DNA 的有效修复。 
本论文利用 MTT、流式细胞、单细胞凝胶电泳和 Western Blot 等技术，选
用国内建株的转移性胃癌细胞株 SGC-7901 为对象，发现，作为环境致癌剂，
BaP 不仅能造成 DNA 的双链断裂，诱导细胞周期的阻滞，高浓度的 BaP 还能
诱导细胞凋亡，而且，我们的研究发现，一定作用浓度和时间的 BaP 预处理能
抑制放射模拟剂 NCS 激活的 DNA 损伤信号中部分激酶的磷酸化，例如，ATM
下游信号传导激酶Chk2 在苏氨酸 68个残基位点上的磷酸化程度能为BaP的预
处理抑制，Brca1 S1497 位点的磷酸化程度也大大降低了，ATR 下游信号传递激
酶 Chk1 S317 的磷酸化程度也有所降低；组蛋白 H2AX 在 serine139 位点的磷酸
化也被抑制了，并且，Chk2、Brca1 和 Chk1、H2AX 对 BaP 抑制作用的敏感性
存在差别，就本研究看来，BaP 抑制 Chk2、Brca1 磷酸化所需的浓度低于 Chk1、
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抑制细胞的生长、诱导细胞周期的阻滞和造成 DNA 的断裂，而且我们的研究
发现，BaP 能下调 DNA 损伤检控信号途径中 Chk1（ S317）、Chk2 （T68）、
Brca1 （S1497）和 H2AX （S139）的磷酸化水平，这也许意味着 BaP 对人类
健康的危害，不仅因为它造成的 DNA 损伤造成基因突变，启动致癌过程，而
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Abstract 
Benzo（a）Pyrrene（BaP） is one of major PAH carcinogens that are found in 
cigarette smoke and various environmental contaminants. Human exposure to PAHs 
is primarily through cigarette smoking and dietary sources. BaP has been shown to 
be highly carcinogenic and mutagenic through its metabolic product, 
BPDE[7,8-dihydr odiol 9;10-epoxide benzo(a)pyrene], which irreversibly damages 
DNA and proteins by covalent binding. Several reports indiccated that BaP is a 
strong carcigenogen that can induce a number types of tumors. However, the 
molecular mechanism underlying the carcinogenesis caused by BaP is still poorly 
understood.  
Cell cycle checkpoint response to genotoxic stresses plays critical roles in 
maintaining genomic stability and integrity. Cell cycle checkpoints including DNA 
damage checkpoint, DNA replication checkpoint and spindle assembly checkpoint 
are signal transduction pathways that insure the timing, sequence, and fidelity of 
critical cell cycle events and orchestrate cellular responses to environmentally 
induced genotoxic stress. DNA damage induced by ionizing radiation or other insults 
triggers checkpoint activation and consequent cell cycle arrest, followed by DNA 
repair or apoptosis. Disruption of cell cycle checkpoints leads to increased genomic 
instability and tumorigenesis. In this study, we focus on how BaP carcinogen affects 
DNA checkpoint activation. 
Our data demonstrated that BaP carcinogen not only can cause DNA double 
strand breakage, but also can inhibit the activation of several critical checkpoint 
proteins in response to DNA damage. We found that BaP can inhibit activation 
phosphorylation of checkpoint proteins such as Chk2 (T68), Brca1 (S1497), Chk1 
(S317) and H2AX (S139) in response to the DNA damage induced by the 
radio-mimic drug NCS in SGC-7901 gastric cells. Interestingly, the required 
concentration of BaP to inhibit phosphorylation on Chk2 (T68) and Brca1 (S1497) is 
lower than that to inhibit Chk1 (S317) and H2AX (S139) phosphorylation. 
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significantly suppress cellular checkpoint response by inhibiting activation 
phosphorylation of several critical checkpoint proteins in the DNA damage 
checkpoint pathway. This study indicated that BaP not only cause genomic mutations 
by direct DNA damage, but also can suppress the DNA damage checkpoint response 
to prevent the correction of genetic errors caused by genotoxic stresses in cells. Our 
study provided a new molecular insight into how BaP carcinogen causes 
oncogenesis.   
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   另外，某些纤维如石棉、玻璃丝等，长期与这些致癌物接触的人，易患肺或
胸膜的恶性肿瘤。 
   而慢性机械性刺激和创伤可导致组织的慢性炎症和非典型增生，在有致癌因
素作用的条件下，可诱发组织癌变。 
3 生物致癌因素 




              Tab1：familiar biologic carcinogen 
病毒 与肿瘤发生有密切关系，如 EB 病毒与伯基特淋巴瘤和鼻咽癌有关，C









二 BaP 与肿瘤 
1 烟草中主要致癌物 BaP 
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有极大的潜在危害。美国环保局在 20 世纪 80 年代初把 16 种末带分支的 PAHs
确定为环境的优先污染物，我国也把 PAHs 列入环境污染的黑名单。致癌性 强
的多环芳烃有 BaP、1，12-二甲基苯蒽、二苯并蒽及 3-甲基胆蒽等。 
除了通过烟草接触外，BaP 也是一切含碳燃料和有机物热解过程中的产物。
一般认为在 8000℃-12000℃供氧不足的燃烧中产生 多。它是一种黄色针状结
晶物，分子式为 C20H12 ，分子量为 252，熔点 179℃，沸点 496℃，不溶于水，
易溶于苯、乙醚、氯仿、丙酮等有机溶剂，致癌性极强，Ames 实验显示阳性，
















变和致癌作用。BaP 引起 DNA 损伤的机制可能为:进入体内后,大部分 BaP 在肝、
肺细胞微粒体中细胞色素 P-450 酶系(如 CYP1A1) 的氧化作用下形成环氧化物,
然后经环氧化物水化酶(EH)和 混合功能氧化酶（MFO）水解成二羟基化合物,
再由 P-450 酶系二次环氧化生成二羟基环氧化物即 BaP-7，8-二醇-反-9，10-
环氧化物和 BaP-7，8-二醇-顺-9，10-环氧化物（反式和顺式 BPDE）。 BaP 在
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